Background: Alzheimer's disease (AD), a neurodegenerative disease, is associated with dysfunction of the olfactory and the entorhinal cortex of the brain that control memory and cognitive functions and other daily activities. Pro-inflammatory cytokines, amyloid-␤ (A␤), and the cholinergic system play vital roles in the pathophysiology of AD. However, the role of changes in cholinergic system components, A␤ accumulation, and cytokines in both the olfactory and entorhinal cortex is not known clearly. Objective: The present study is aimed to evaluate the changes of cholinergic system components, A␤ accumulation, and cytokines in both the olfactory bulb (OB) and entorhinal cortex (EC) of young and aged APP SWE /PS1dE9 transgenic (Tg) mice. Methods: We have explored the changes of cholinergic system components, A␤ accumulation, and expression profiling of cytokines in the OB and EC of aged APPswe transgenic mice and age-matched wild type mice using quantitative Real-Time PCR assays and immunohistochemistry techniques. Results: In aged Tg mice, a significant increase of expression of interleukin (IL)-1␤, tumor necrosis factor (TNF)-␣, and chemokine MCP1 (p < 0.001, p < 0.001, and p = 0.001, respectively) and a significant reduction of nAChR␣4 (p = 0.048) and AChE (p = 0.023) was observed when compared with age-matched wild type mice. Higher levels of AChE and BuChE are expressed in OB and EC of the APP SWE /PS1dE9 of Tg mice. A␤ accumulation was observed in OB and EC of the APP SWE /PS1dE9 of Tg mice. 
INTRODUCTION
Alzheimer's disease (AD) is a neurodegenerative disease affecting regions of the brain that control memory and cognitive functions, and reduces the ability to learn, communicate, and carry out daily activities. Current diagnosis of AD is largely based on exclusion of other causes for dementia and on the major neuropathologic hallmarks such as the deposition of amyloid-␤ (A␤) peptide in the form of plaques, accumulation of neurofibrillary tangles composed of hyperphosphorylated tau, cytokine dysregulation, and loss or reduction of cholinergic neurons in the basal forebrain. Multiple experimental, genetic, and in vivo studies have supported the role of inflammation in the pathogenesis of AD [1, 2] . Inflammation occurs in AD brain, with increased expression of acute phase proteins and proinflammatory cytokines [3] . In AD, brain amyloid plaques and tangles are related to local stimulation of innate immune and inflammatory responses, and astrocytes, microglia, and neurons are responsible for the inflammatory reaction [4] . A similar intercellular and intracellular signaling process induced by cytokines occurres in microglia, astrocytes, and peripheral cells [5] [6] [7] .
The pro-inflammatory cytokines may induce the synthesis of A␤ that, by positive feedback mechanism, causes the expression of these cytokines in astrocytes and microglia. Further, chemokines may drive the entry of activated leukocytes into the CNS, and effector mechanisms such as macrophage activation and glial-glial and glial-neuronal interaction contribute to the perivascular inflammatory infiltrates formation.
Several studies in AD demonstrated that impaired olfactory function appears earlier than memory loss, reduced intelligence, personality modification, and dementia. Many AD patients suffer from olfactory dysfunction [8] [9] [10] [11] , so evaluation of olfactory function may help to identify the onset and early stages of neurodegenerative disorders [12] [13] [14] .
Cholinergic activity, including nicotinic and muscarinic receptors, in the olfactory system modulates discrimination between similar odors in rats [15] ; therefore, performance of olfactory behavioral tasks may be affected during cholinergic neuromodulation, and lesions of cholinergic inputs to the cortex reduced the differentiation of similar odorants [16] . Also, functions such as attention, arousal, learning, and memory are modulated by the cholinergic system. An impaired cholinergic fibers function, in the basal forebrain, hippocampus, and cortex is related to memory loss, altered cognition, and neurodegenerative alterations characterizing aging and AD [17] . Therapies based on cholinergic replacement by acetylcholinesterase (AChE) inhibitors showed amelioration of cholinergic deficit at very early stages of dementia and slow down its progression.
Mutations of genes coding for amyloid precursor protein (APP) and the presenilins (PSs) are responsible for amyloid peptide formation and amyloid plaques deposition in brain, and then for neuroinflammation. Various animal models are used to evaluate factors implicated in the pathogenesis of AD. Although the A␤ peptide sequence of mouse is slightly different to its human counterpart, transgenic mice with mutation of APPswe and PSEN1 that develops A␤ deposition and cognitive deficits such as memory, language, thinking, spatial learning and judgment, represent an effective model for the study of AD [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] .
Dysfunction of olfactory and entorhinal cortex is associated with AD [29, 30] . Pro-inflammatory cytokines, A␤, and the cholinergic system play vital roles in the pathophysiology of AD. However, changes in expression levels of cholinergic system components, A␤ accumulation, and cytokines in both the olfactory and entorhinal cortex are not known clearly. In this background, the aim of the present study was to analyze the changes of cholinergic system components and A␤ accumulation as well cytokines in both the olfactory bulb (OB) and entorhinal cortex (EC) of young and aged APPswe transgenic (Tg) mice.
MATERIALS AND METHODS

Transgenic animals
B6.Cg-Tg (APPswe, PSEN1dE9) 85Dbo/J strain (common name APPswe/PS1dE9) expresses a chimeric mouse/human amyloid precursor protein (Mo/HuAPP695swe) and a mutant human presenilin 1 (PS1-dE9). Mice of either sex were bred and housed in ventilated racks, in groups of 5 mice under 12 h day/night cycle with a half-hour transition as sunrise and sunset, 50% HR and ad libitum food and water (irradiated global diet 2918 Harlan ® and water autoclaved), at the Cajal Institute Animal House Facility. Experimental procedures were conducted per the Council of Europe (2010/63/UE) and Spanish guidelines, and approved by the Ethical Committee of CSIC, Bioethical Committee at the Animals Research Spanish Council (CSIC) and the local authorities of the Community of Madrid. These mice were genotyped by PCR [31] . Genotype determination was done with tail biopsies using the following primer to detect the mutant human APP gene product (400 pb): forward, 5'-CCGAGATCTCTGAAGTGAAGATGG ATG-3'. The presence of a 1300 bp PS1 gene product was confirmed with the following primers: 5'-CAGG TGGTGGAGCAAGATG-3' and the PrP internal control product (750pb): forward, 5'-CCTCTTTGT GACTATGTGGACTGATGTCGG-3', and reverse 5'-GTGGATACCCCCTCCCCCAGCCTAGACC-3'.
RNA extraction, reverse transcription, and Real-Time PCR (qPCR)
Mice were sacrificed by cervical dislocation; brains were removed and both OB and EC were dissected out on ice [32, 33] . The samples were stored in RNAlater™ at 4 • C until used.
For cytokines and cholinergic markers quantification, total RNA from the Tg and wild type (WT) mice was isolated using the TRIzol reagent (Invitrogen, Carlsbad, CA, USA) in accordance with the manufacturer's recommendations.
The concentration of total RNA was measured with NanoDrop 2000 UV-Vis Spectrophotometer (Thermo Scientific, Waltham, MA, USA) at 260 nm and the purity was assessed considering the absorbance ratio at 260 and 280 nm (A260/A280) and A260/A230. Then, 1 g of total RNA was transcribed to cDNA using the QuantiTec ® Revers Transcription Kit with integrated removal of genomic DNA contamination (Qiagen, Hilden, Germany) according to the manufacturer's instructions.
Next, quantitative Real-Time PCR assays were performed in triplicate using GoTaq ® qPCR Master Mix (Promega, Madison, USA), and specific mouse primer pairs (given below).
Relative expression of each gene was normalized by HPRT using the CT method, where CT = C T(BuChE,AChE,nAChR␣7, nAChR␣4,nAChR␤2, IL1␤,TNF␣, MCP1) -C T(HPRT) . Relative fold changes in gene expression were determined by the 2 -CT method, where Ct = Ct experimental sampleCt calibrator. Experimental cDNAs of Tg mice were prepared in parallel with the cDNAs of WT mice.
Immunohistochemistry
Mice (n = 5) were deeply anesthetized with pentobarbital (30-50 mg/kg) intraperitoneally and transcardially perfused with paraformaldehyde 4% (PF), pH 7.4. Brains were carefully dissected out, post-fixed in PF overnight at 4 • C. Brains were removed from skulls and 50 m coronal sections were vibratome sectioned, and then transferred to phosphate buffer saline (PBS) containing 0.1% Triton X-100 (PBS-T) for 5 min and then blocked for 60 min in 5% NGS in PBS-T. Sections were incubated in the following primary antibodies: ␤-amyloid antibody (1 : 250; Cell signaling), mouse anti-GFAP (1 : 1000; Millipore), and mouse anti-NeuN (1 : 1000; Chemicon) in the same blocking solution for 48 h at 4 • C. After further rinsing, the sections were incubated for 2 h with Alexa Fluor ® 488 and Alexa Fluor ® 568 conjugated goat anti-rabbit, and goat antimouse (1 : 1000; Invitrogen, Carlsbad, CA, USA). Finally, sections were rinsed, counterstained with bismencimide (Hoechst 33342, 1 : 50000), mounted onto slides in Mowiol. Images were obtained on a Leica TCS-SP5 confocal microscope, acquiring two or three different channels simultaneously.
Statistical methods
To give an indication of the precision of the fold change, calculated with 2 -Ct method, the 95% confidence interval (95%CI) was determined. Student t-test for one sample was applied to evaluate statistical differences in mRNA expression levels between young (6 months old) and aged Tg (24 months old) and their age-matched WT with predetermined value equal to 1. Student t-test for unpaired data was applied to evaluate the differences in mRNA expression levels between young and aged mice. Spearman Rho correlation coefficients were performed to evaluate statistically significant correlation between AChE, butyrylcholinesterase (BuChE), and cytokines. In all statistical tests the threshold of statistical significance will be assumed equal to p = 0.05. Data will be analyzed by SPSS ® Advanced Statistical TM 13 (Chicago, IL, USA) and R open source software.
RESULTS
Aβ deposits distribution in the OB and EC at different ages
In the Tg mice brain, anti-A␤ expression was mainly detected in the granular layer of the OB from three months old (data not shown). Figure 1 shows A␤ deposits throughout the different layers of OB. At 6 months old (Fig. 1B) , A␤ deposits were distributed within the glomerular and granular layers. At 24 months, the granular layer still shows the largest number of A␤ deposits (Fig. 1C) , while the mitral cell layer shows the lowest number of A␤ deposits. A␤ deposits were also distributed along different cortical areas (Fig. 2) , increasing in number and size with the age. At 6 months, A␤ deposits were restricted to EC, frontal cortex, and hippocampus ( Fig. 2A) . At 24 months, those A␤ deposits were widely distributed throughout all the brain (Fig. 2B) .
AChE and BuChE expression in OB and EC brain regions
In OB of young Tg mice, AChE and BuChE expression levels are significantly increased with respect to expression in OB of WT mice (p < 0.001). When we compared expression of ChE enzymes in young versus aged Tg mice, BuChE and AChE expression is significantly reduced over time (p = 0.011 and p = 0.042, respectively) ( Table 1) . These results are in accord with studies on individuals with mild cognitive impairment showing that at the early stages of disease pathogenesis, the cholinergic system could be more active than normal (i.e., the levels of cholinergic enzymes and receptors could be increased) [34] .
The expression of BuChE in EC of aged Tg mice was significantly increased respect to WT (p = 0.008). An increase of BuChE was also observed between young and aged Tg. In EC of aged Tg mice, the expression of AChE is significantly reduced with respect to WT (p < 0.001) and with respect to young Tg (p < 0.001) ( Table 2 ). Comparison of BuChE and AChE expression in both OB and EC of young and aged Tg mice is shown in Fig. 3 . 
Cholinergic receptors expression
In OB and EC, an expression study performed by RT-PCR revealed that nAChR subunits expression were higher in Tg than in WT mice. In the OB of young Tg mice, the levels of nAChR␣7 were 5-fold higher than in age-matched WT mice (p < 0.001) and the levels of nAChR␣4 and nAChR␤2 were about 4-fold higher than in age-matched WT mice (p < 0.001). Also in EC of both young and aged Tg mice, all nAChR subunits are more expressed than in WT, but the increase was statistically significant for nAChR␣7 in both age group (p = 0.045), and for nAChR␤2 only in the younger one (p = 0.017). Interestingly, when we compared over-time nAChRs expression in OB of Tg mice, we observed a significant reduction for nAChR␣7 (p = 0.016) and nAChR␤2 (p = 0.002) ( Table 3) .
Proinflammatory cytokines expression
In order to reveal the expression profile of proinflammatory cytokines TNF␣ and IL1␤ as well as chemokine MCP1, OB and EC brain sections from young and aged Tg and WT mice were subjected to RT-PCR assay. Here we reported that IL1␤, TNF␣, and MCP1 mRNA expression was significantly increased in OB of young Tg mice, compared with the expression in OB of age-matched WT mice (respectively p = 0.001, p = 0.008, and p < 0.001). In EC, IL1␤ significantly increased in young Tg mice (p < 0.001), while MCP1 expression detected in young Tg mice was reduced with respect to agematched WT mice.
The over-time statistically significant increase of TNF␣ was observed in OB (p = 0.041). The observed over-time decrease of IL1␤ and TNF␣ in EC was not significantly, as reported in Table 4 .
Different regional expression of cholinergic markers and cytokines
In young Tg mice, the expression of cholinergic markers and cytokines is differently higher (with respect to WT) in OB and EC. In fact, while nAChR subunits, AChE, BuChE, TNF␣, and MCP1 are higher expressed in OB of young Tg mice, IL1␤ is higher expressed in EC (Tables 1-4) . In aged Tg mice, the expression of ␣7 and nAChR␤2 subunits and BuChE is higher expressed in EC than OB, and nAChR␣4 and AChE is higher expressed in OB versus EC (Tables 1-3) .
Also, cytokines are differently expressed in OB and EC of young and aged Tg mice. In OB, higher levels of IL1␤ and TNF␣ were observed in aged mice, while the same cytokines are higher expressed in EC of young Tg mice.
In OB of young mice, a statistically significant correlation between AChE, BuChE, and IL1␤ (Rho = 0.766, p = 0.027 and Rho = 0.738, p = 0.037, respectively) was observed. A similar relationship was found for AChE (Rho = 0.905, p = 0.002) in aged mice, and a significant correlation between AChE and TNF␣ (Rho = 0.786, p = 0.021) was observed in OB of aged mice.
DISCUSSION
The brain is significantly affected by aging and the time-dependent accumulation of cellular damage is widely considered to be the general cause of aging [35] [36] [37] . Understanding the molecular mechanisms that characterize the aging-related changes in normal and diseased brains is a constant challenge. Recently a link between aging and the risk of amyloidosis was found; in fact, the time of A␤ clearance in the brain is strongly correlated with age. In healthy and young brain, A␤ production and elimination is an equilibrium, while in aging or pathologic conditions such as AD, there is accumulation of A␤ due to impaired formation and clearance [38] that result in plaques formation, characteristic of AD.
A large number of studies demonstrated that at an early stage of AD and cognitive impairment, cholinergic enzymes and receptors were more active than normal with subsequent decline with increasing severity [39, 40] . Studies on central cholinergic function in mice with double mutations in APP and PS1 genes [41] gave contradictory results. Thus, in Tg2576 mice, vesicular acetylcholine transporter was found both unchanged and increased [42, 43] . Keeping in mind that in the APPswe/PS1dE9 mouse model of AD, amyloid plaques are associated with inflammatory response, we have characterized the relationship between amyloid deposition, inflammatory mediators, and the cholinergic system in the brain and in OB, a primary region associated with the development of neurodegenerative pathologies [44] and in EC, implicated in the stages of AD characterized by changes in the tau protein and in the cleaved fragments of APP.
Decrease in olfactory functions including olfactory sensitivity, perceived intensity of supra-threshold odorants, odor quality discrimination, and identification has been well documented in aging [45] .
nAChR is a ligand-gated ion channel constituted by five different ␣ subunits (␣2-␣9) and three different ␤ subunits (␤2-␤4) that belong to a large family and have been implicated in complex diseases affecting the nervous system, including aging-associated neurodegenerative diseases. ␣7 and ␣4␤2 nAChRs are the most abundant subunits in the brain [46, 47] , and several authors have also suggested that ␣7nAChR may accelerate the progression of AD [48, 49] , and its altered expression may be responsible for the impaired cholinergic neurotransmission, and contribute to the initiation and development of amyloid AD brain pathology [50] . Western blot and autoradiographic analyses have indicated that the ␣7nAChR subunit protein was upregulated in human brain samples from AD patients, as well as in animal models of AD [51, 52] . A␤ interacts with ␣7nAChR that might be involved in nicotine mediated reduction of A␤ deposition [53] , although the nature of this relationship remains not well defined. The ␣4␤2-nAChRs are predominant nAChR subtype in the brain, implicated in perception, cognition, and emotion. Exposure of telencephalic neurons to A␤ has revealed a massive reduction of ␣4-expressing neurons, and in accord with the ␣4␤2 subtype reduction in the cortex of patients with AD, our results showed that also in OB of Tg mice both ␣4 and ␤2 subunits were reduced. This finding points to a possible impact of A␤ on the expression of the nAChR ␣4␤2 subunit in OB.
A␤ peptides are potent activators of glial cells. Once activated, microglia and astrocytes release a variety of cytokines, chemokines, and free radical oxygen species, which can contribute to neuronal dysfunction and death, and some specified gliaderived cytokines may also increase A␤ generation. IL1 plays a key role in the pathogenesis of AD inflammation by starting up a cytokine cycle, and MCP1 may amplify subsequent tissue reactions by regulation of microglia migration and recruitment of astrocytes to the area of neuroinflammation. Although the increased expression of inflammatory cytokines, such as TNF␣, IL1␤, and IL6, have been identified in amyloid plaques and/or glial cells in brain tissues of AD patients, only a limited number of studies have addressed the progression of neuroinflammation in transgenic AD mouse models with variable results.
Olfactory dysfunction has been reported in several neurodegenerative diseases, including AD. Kovacs's study suggested that olfactory dysfunction is an early event of AD [13] , preceding the appearance of typical AD symptoms. Therefore, the underlying changes on gene expression levels might help identify potential therapeutic targets for AD.
In this study, examination was performed to detect the change of cholinergic markers in B6C3-Tg AD mice brain with the growth of age and to analyze the correlation between the expression of nAChR, ChEnzyme, and inflammatory cytokines. Judging from the results, we can figure out that the brain BuChE expression of AD mice at the age of 6 and over 24 months were slowly higher than the WT mice. Our results are in accord with previous studies that reported unchanged AChE activity in APP695SWE transgenic mice despite extensive A␤ plaques [43, 54] , and with observation that this AD Tg model did not exhibit AChE activity, in contrast with AD [55, 56] . Monica et al. [57] characterized amyloid deposition in the APPswe/PS1dE9 mouse model of AD. In this study, accordingly with studies that showed the association between BuChE activity and A␤ plaques, we have found a statistically significant increase of BuChE and A␤ deposition in OB of aged Tg mice with respect to young Tg mice or WT.
We propose that the A␤ deposits may induce nAChRs, which in turn induce increased cholinesterase (ChE) expression very early in the OB of APP SW Tg2576 mice suggesting that A␤, ChE, and nAChR may be coordinately regulated and involved in OB dysfunction. Since inflammatory cytokines including IL-1␤ and TNF␣ contribute to A␤ deposition, interestingly we observed an increase of these cytokines in OB of APP SW Tg2576 mouse related to accumulation of A␤ and increase of ChE and nAChR expression. Alteration of the cholinergic system is a robust finding in AD and correlates with cognitive impairment [58] [59] [60] . An inflammatory response invariably accompanies elevated A␤ levels in the brain, and our study showed elevated brain inflammatory cytokine levels in APP SWE /PS1dE9 mice, signifying early and persistent activation of inflammatory processes. An age-related rise in MCP1 levels was also detected in Tg mice. MCP1 induces astrocyte chemotaxis and contributes to the recruitment of astrocytes around A␤ plaques. A similar elevation in TNF␣ levels was observed in older WT and Tg mice compared to the younger group. It should be noted that the results obtained by qPCR cannot be extrapolated to protein levels, so further studies will be required to confirm these results.
Conclusion
AD is a multifactorial disease that is not dependent on only one gene, or inciting insult. But there are a variety of aberrant genes present in AD patients that could be responsible for cognitive loss and physical functions. In AD, the pro-inflammatory molecules and cholinergic system are involved and could represent a target for therapeutic intervention. The present study demonstrates the expression profiling of pro-inflammatory cytokines and cholinergic markers as well as A␤ in OB and EC of the APP SWE /PS1dE9 of Tg mice. Moreover, the study also demonstrates that APP SWE /PS1dE9 Tg mice can be useful as a mouse model to understand the role of pro-inflammatory cytokines and cholinergic markers in the pathophysiology of AD. Further investigations are in progress to demonstrate the molecular link between pro-inflammatory cytokines and cholinergic markers as well as A␤ in OB and EC of the APP SWE /PS1dE9 Tg mice.
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